Abstract Aims-To assess quantitatively both the morphological changes in the rectal mucosa and the changes in the relative frequency of IgA and IgG subclass producing cells found in the rectal mucosa during the acute phase of shigellosis and at convalescence. Methods-Rectal biopsies from 25 Shigella dysenteriae 1 infected patients, 10 Shigella flexneri infected patients, and 40 uninfected controls were studied. Morphological changes in the mucosa were graded. The frequency of IgA and IgG subclass producing cells was assessed. In addition, immunostaining for secretory component in epithelial cells was analysed. Results-Using morphological grading, 20% of the 35 patients studied had advanced inflammation (grade 3) in the acute phase of the disease. At convalescence, grade 1 inflammation was seen in 37% of the patients and in 10% of the controls. In the acute phase, as well as at convalescence, the number of IgA,, IgA2, and IgG2 positive cells was significantly higher than in the controls. The results were related to the histopathological degree of inflammation.
Shigellosis is a significant cause of morbidity and mortality in developing countries, such as Bangladesh, particularly in children under the age of 5 years.' Of the four species of Shigella causing diarrhoeal diseases, the most severe disease found in Bangladesh is associated with S dysenteriae 1 and Sflexneri.
In most cases, the infection is limited to the intestinal mucosa, and systemic infections are rare, especially in adults. Invasion, multiplication, and the spread of shigella (a complex series of events)2-4 causes an inflammatory enteritis. The most pronounced lesions are seen in the rectosigmoid area and the intensity of the inflammation decreases in the proximal direction. 5 6 Colitis and ulceration in severe shigellosis result in the loss of the protective mucosal barrier, allowing bacteria and bacterial antigens to enter into the circulation.7 8 The histological features of shigella colitis during its acute phase are indistinguishable from those of other forms of acute infectious colitis. In addition, during shigellosis, excessive epithelial hyperplasia, distortion, and branching of crypts are seen, features that are commonly seen in patients with chronic ulcerative colitis and in Crohn's disease. 78 The most well defined part of mucosal immunity is the secretory antibody system; it depends on local production and selective epithelial transport of polymeric IgA (pIgA) and pIgM.9 Mucosal surface protection afforded by secretory IgA (sIgA) antibodies depends on the local number of IgA producing cells, their subclass distribution (IgA, and IgA2), and their ability to express joining (J) chain. Different classes and subclasses of immunoglobulins exhibit distinct functions and the subclass response to an infection may be of biological significance. In various gut diseases, local immunoglobulin production is altered, both with regard to class and subclass.
Disease associated alterations of mucosal IgA subclass production may be of biological importance. Enhanced secretory immunity may accelerate the pathogenesis of the disease. In the large intestine, the number of immunoglobulin containing cells seems to be lower in the rectum than in the sigmoid colon and ascending colon.'0 IgA producing cells are the most frequent immunoglobulin producing cells in the large intestine. IgG producing cells normally constitute 3-5% of the immunocytes in the intestinal mucosa. IgG producing cells are more numerous in the appendix than in the colon and accumulate preferentially adjacent to lymphoid follicles, suggesting that IgG+ cells most likely represent follicle derived B cells that have reached terminal maturation locally." 12 IgG producing cells were found to increase strikingly with increasing degrees of inflammation in the gastric mucosa, particularly in the basal part of mucosa. '3 14 There is a disproportionate increase in IgG producing cells in inflammatory bowel disease.'2 Local production of IgG, is particularly marked in ulcerative colitis. 1 secretory component is modulated in these diseases: the normally high levels of secretory component seem to be influenced by dysplastic changes, leading to reduced expression. " On the other hand, in coeliac disease, secretory immunity is enhanced both in terms of local poly immunoglobulin production and epithelial secretory component expression. ' 9 It has been suggested that interferon (IFN),y upregulates the expression of secretory component. '2 In contrast, in large bowel adenoma and metaplastic polyps, the staining intensity for secretory component and epithelial IgA decreases with increasing degrees of dysplasia.'"'2
The purposes of this study were to assess quantitatively the influence of shigella induced inflammation on: frequency and distribution of IgA, IgG, and IgM class and subclass expressing immunocytes in rectal mucosal biopsy specimens from patients with shigellosis; and expression of secretory component by cells in the mucosa. These parameters were analysed immunohistochemically in biopsies obtained early and late in the disease and compared with biopsies from healthy age and sex matched controls. The findings were also correlated to the degree of inflammation.
Methods

STUDY POPULATIONS
Thirty five male patients (aged 20-45 years) -seen at the International Centre for Diarrhoeal Disease Research in Bangladesh with culture confirmed shigella (the only infecting organism) infection and 40 healthy subjects (control group) matched for sex, age, and socioeconomic status were included in the study. Twenty five of 35 patients were infected with S dysenteriae 1 and 10 with S flexneri. No other pathogenic microorganisms were found in stool culture from the patients. Neither the controls nor the patients had experienced either bloody dysentery in the six months before inclusion in the study or before the current infection. On admission, all patients exhibited clinical symptoms typical of bacillary dysentery including fever, tenesmus, and blood and mucus in their faeces. Patients were given pivmecillinam chloride 200 mg four times daily for at least one week from the day of admission. On average, patients became culture negative and free from dysenteric symptoms within five days after initiation of pivmecillinam treatment. Patients with additional infections, or other major diseases, were not included in the study. Individuals in this study population were also included in studies relating to other aspects of the immune function in shigellosis.
SAMPLES AND THEIR HISTOPATHOLOGY
Rectal mucosal biopsies obtained at proctoscopy were obtained from each patient within 48 hours of admission (after culture confirmation) and 30-35 days thereafter. At convalescence, all patients' stool cultures were negative for infectious organisms. In controls, one set of rectal biopsies were obtained. Biopsy specimens were fixed in 10% formalin (in 50 mM Tris buffered saline pH 7.6 (TBS) for 20 hours at room temperature) and embedded in paraffin. Sections were stained with haematoxylin and eosin for histological evaluation. To assess the degree of inflammation in the biopsy specimens, a number of morphological parameters were documented (table 1). The total score obtained by evaluating the parameters formed the basis for grading the degree of inflammation. The scoring system followed in this study was based on one used previously. 23 24 IMMUNOHISTOCHEMISTRY Immunoperoxidase staining was performed on serial sections (5 pim) of rectal mucosal biopsies. Sections were deparaffinised, rehydrated, and digested with 0. 1% proteinase K (in TBS; Sigma Chemical, St Louis, Missouri, USA) for two to three minutes except where otherwise mentioned. Endogenous peroxidase activity was blocked by incubation in 0.3% H202 in methanol for 30 minutes. After pre-incubation in TBS for five minutes, the slides were incubated with 20% normal rabbit serum or normal mouse serum (Dako A/S, Glostrup, Denmark) to prevent non-specific binding. The sections were then incubated (20 hours at room temperature) with monoclonal antibodies or rabbit antisera diluted in TBS containing 1% bovine serum albumin (BSA), followed by avidin-biotin horseradish peroxidase complex according to the instructions of the manufacturer (ABC-HRP Kit; Dako A/S). The diaminobenzidine tetra hydrochloride (diaminobenzidine; 0.5 gIl) and H,02 (0.015%) substrate reaction was developed for 10 minutes and the slides were counter stained with haematoxylin. Between the various incubation steps, the slides were washed in TBS. The following murine monoclonal antibodies were used to detect plasma cells in this study: antihuman IgG anid IgA subclass producilg cells in rectal mucosa durin1g shigellosis of inflammation in control and patient biopsies (not shown).
SUBCLASS DISTRIBUTION OF IMMUNOGLOBULIN PRODUCING CELLS IN RECTAL BIOPSIES FROM PATIENTS AND CONTROLS
IgA positive plasma cells were most numerous in the upper two thirds of the lamina propria (fig 1 C-F As an additional plasma cell marker, biopsy specimens were stained for Syndecan-1 using the monoclonal antibody B-B4. This antibody also stained surface and crypt epithelial cells. In acute phase biopsies, a significantly higher number (mean (SD) 2612 (544), p < 0.001) of B-B4 positive plasma cells ( fig 1I) was seen than in biopsies from controls or convalescent patients. Also, in convalescence biopsies ( fig 1J) the number of B-B4 positive plasma cells was significantly higher (1842 (443), p < 0.01) than in the controls. In the acute phase biopsies, most plasma cells were found just beneath the surface epithelim. However, at convalescence, the B-B4 stained cells were mostly located in the middle part of the lamina propria. Summation of the IgA, IgG, and IgM positive plasma cells deviated not more than 5% from the number of B-B4 positive plasma cells.
Discussion
We have characterised local inflammatory and immunological changes following shigella infection in adult patients. The frequency of immunoglobulin producing cells was positively correlated to the degree of inflammation. Using a detailed scoring system for inflammation, we found that a persistent mucosal inflammation was more frequent in S dysenteriae 1 infection (44%) than in S flexneri infection (20%). Previously, histopathological findings in the rectal mucosa in shigellosis has been studied mostly in the acute phase. the acute phase of disease is reminiscent of findings in coeliac disease, a disease characterised by an increase of intra-epithelial lymphocytes.'6 Interestingly, in shigellosis an increase in intra-epithelial lymphocytes can be found also (unpublished observation).
Our findings thus indicates that: there is an induction of the gut mucosal humoral immune response in shigellosis, which persists long after the clinical resolution of the disease; at least a proportion of shigella specific IgA and IgG serum antibodies may be derived from the local mucosal immune response; there is a preference for IgA2 and IgG, production; the secretory component mediated transepithelial IgA transport is enhanced in shigellosis; and the local inflammatory response in shigellosis, particularly in S dysenteriae 1 infection, is prolonged.
Further studies are needed to evaluate the shigella antigen specificity of the locally immunoglobulin producing cells and the beneficial or detrimental consequences of the marked local IgA responses in shigellosis.
